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The flavor problem: leptonic mixing

Neutrinos oscillate 15 Kajita & Mcdonald
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The flavor problem: neutrino masses

Mass .
o If lepton number is broken at a scale
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Maximal atmospheric angle and Dirac phase?

LBL Acc + Solar + KL + SBL Reactors + Atmos
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#T symmetry or 7 reflection

Ve > Ve , Vy,—VUsr , Ur—U, J

fo3 = 45°, 0cp = £90°, trivial Majorana phases, 643,612 free

o BT — with  p — 7 interchange

Also known as u — 7 reflection Harrison,Scott, PLB’02

Badly broken in the charged lepton sector: y, <y
Hint from |V,;| = | V|

Predict all CP phases still allowing GF

He, Rodejohann, Xu, PLB'15
Joshipura&Patel, PLB’15

Accidental maximality
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#Tand neutrinoless double beta decay

2 2 2
generic  Mee = MUg + mMoUgp + msUg |

nT Mee = im1 |Ue1|2 SE m2|U62|2 =c m3‘U93|2 J

four CP parities
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Baryon asymmetry of the Universe

Baryogenesis mechanism
needed at T > 40 MeV

HISTORY OF THE UNIVERSE

° N5~ Np ~107°
n’Y
e Sakharov conditions '67
e violation of CP, C
e violation of B
e departure of themral
equilibrium

e SMis not enough




Leptogenesis

Matter-antimatter asymmetry

Fukugita, Yanagida, ‘86

e Yg| =(8.65+0.09)x 10~
exp

o N; decay generates L asymmetry
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e Spharelon processes AL —+ AB
AB=AL=3
Klinkhamer, Manton, '84



http://arxiv.org/abs/hep-ph/0609145

#T and leptogenesis

charm down
L Sen Washout in different fla-
bottom strange vors can be different
strong Sph tau up
107 ‘ 102 ‘ 100 ‘ 107 ‘ 10°

T [GeV]

Unflavored leptogenesis does not work

For T~ My > 10"GeV: Yag ~ —107° x5 x [e + € + o] |

With CPHT: €6 =0,y +6, =0 — eo+€,+6.=0

Flavored leptogenesis works for intermediate scales

109GeV < T~ My <102 GeV
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Increasing predictivity with texture-zeros

Flavor symmetries increase predictivity

¢ Nonabelian: relate entries and/or fix mixing angles

e Abelian: vanishing entries = texture-zeroes

Texture zeroes in the lepton sector
Can be always enforced by abelian symmetries

BT corresponds to the first case

With only CP#7 there is no sharp prediction besides maximal
023, 6cp and trivial Majorana phases

Can we enforce an additional texture-zero on top of CP#7?



Increasing predictivity with texture-zeros

kT enforces (flavor basis)

a d d
M,=| d ¢ b |, withreala bandIm(d?c*)#0.
d b c*

5 parameters a,b,Rec,Imc,|d|
to describe My, Mz, ms, 612, 013

Can we enforce an additional texture-zero on top of this
structure?

Only a= 0 or b = 0 are phenomenologically viable

With one less parameters we can predict the lightest neutrino
mass!



T and Zg

Nishi,Sanchez-Vega, JHEP 1701 (2017) 068

e Symmetries in (e, i, 7) and (ve, vy, v-)

—1
Zg: T = ws , wg = e®/®
wg

1 00
KT VQL—>XQBV§€, X=10 0 1].

010
e They are consistent T — XT*X~ 1 =73

o Extends the simplest case of L,, — L, with CP#"
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i and Zg

o Different entries have different Zg charges

5
1 wg wg

DgLVﬁL ~ | *x wg —1 , wg= g’ /8

* * Wg

e Couple with scalars of different charges nx ~ wé‘

o Additional ZZ~ symmetry: L, ~ —i and n ~ —1

c c Crr
30 oleHLleH + 2 msLHLH + 3=l HLH
CJT C N C, T

+ /(2 nal HL-H + /f’ nsLeHL, H + ﬁfh LoHL, H

e Texture-zeros: a=0ifny absent b =0 if n, absent
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CP* and Zg

Nishi,Sanchez-Vega, JHEP 1701 (2017) 068

Case | (M,).3=0 | ordering | CP parities Mo Mg Zm,,
| (ee) NO | (—++) | 44-90 0 6374
I (ee) NO (+-+) | 1.1-39 0 59 - 65

(i) NO (++-) |151-185| 142-178

\% (u7) 10 (+-+) | 15-30 |14.3-29.3|116—148
036 NO (+-+)
0.34 Mee =0
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Conclusions

M7 is a viable symmetry that predicts all CP phases and it is
compatible with flavored leptogenesis.

Maximal #>3 and 6.~ will be tested in the future

We have shown by explicit construction a highly predictive
scenario where the neutrino mass matrix is symmetric by CP#7
and additionally contains one texture-zero in the (ee) or (u7)
entry.

The possibility of a neutrino mass matrix with CP#7 symmetry
simultaneously with a texture-zero that is enforced by symmetry
was first shown here and it is only allowed by combining in a
non-usual way a discrete abelian symmetry at least as large as
Zg and CPHT,

Distinct predictions for the lightest neutrino mass and mee; in one
case, testable in the near future.
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Leptogenesis and pur reflection
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« Leptogenesis is only possible for 10°GeV < My < 10'2 GeV

e For M; 2

~

e For M; <

~

10'2GeV, we cannot distinguish any flavor and Yz ~ 0

10°GeV, we can distinguish e, i1, 7 and Yz ~ 0
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